Bituminaria bituminosa L. is known for producing several compounds with considerable pharmaceutical interest, such as phenylpropanoids, furanocoumarins and pterocarpans. In vitro cultures of seedlings, shoots, and callus have been produced to obtain plant materials useful for the production of these metabolites. The secondary metabolite profile was evaluated by HPLC-DAD. The extracts of all the in vitro material contained the flavonoid daidzein, while plicatin B, erybraedin C and bitucarpin A were found only in the extracts of the in vitro shoots and in wild shoots. The furanocoumarins angelicin and psoralen were found in in vivo and in vitro plants, but in the callus were not detectable. The extracts were also tested for cytotoxic activity in HeLa cell culture; the highest level of cytotoxicity was found in in vitro shoot extracts.
In a previous study [10] , three pterocarpans (erybraedin C and the new bitucarpin A and bitucarpin B), together with plicatin B, were isolated and identified from B. bituminosa aerial parts. Erybraedin C, plicatin B and bitucarpin A showed cytotoxicity [11] , and exhibited anticlastogenic activity in lymphocytes [12] . Moreover, erybraedin C showed inhibitory activity on human topoisomerase I [13] . Very recently, antimosquito activity was also shown for plicatin B extracted from Psoralea plicata [14] .
In vitro cultures are a good tool for producing secondary metabolites in controlled conditions. In vitro cultures have been successfully developed to produce furanocoumarins and isoflavones in P. corylifolia [1, 15] and B. bituminosa [16] , but few results have been reported for the in vitro production of pterocarpans. Recently, pterocarpan and isoflavonoid production has been determined in callus cultures of Maackia amurensis [17] . The aim of the present work was to investigate the production of active secondary metabolites from different B. bituminosa in vitro culture systems. Furthermore, all the extracts were evaluated for their cytotoxic activity on HeLa cells. Different in vitro plant cultures were established and evaluated for producing the characteristic secondary metabolites of B. bituminosa. Callus cultures were obtained from different explants, as mature leaves from wild plants (C al ), and from hypocotyls (C h ) and young leaves (C yl ) picked from in vitro 25 day-old seedlings. Callus induction and proliferation were achieved by testing several media supplemented with different concentrations of auxins (2,4-D or NAA) in combination with kinetin (kin). Medium F, containing 2,4-D and kin, promoted good and fast callus growth (C yl , Figure 1 a,d ), while addition of NAA instead of 2,4-D into the medium D stimulated a similar end-production of biomass, even though with a slow increase (C al, Figure 1 b,e). For the induction of callus from hypocotyls, several media were tested, but only the medium H, containing high concentration of NAA (15 mg L -1 ) and kin (3.75 mg L -1 ), exhibited better growth, although not so exaustive as the callus obtained from the other explants. Furthermore the callus was compact and not so friable (Figure 1 f) . The rate of callus growth by evaluation of fresh and dry weights was detemined for all types of explants (Figure 1 a,b,c). Young and mature leaves produced callus that showed a typical growth curve with a log phase from day 21 to day 31, or from day 21 to day 38 for Cyl and Cal, respectively (Figure 1 In vitro cultures have been proposed as plant biofactories to produce active secondary metabolites for several industrial products [18] [19] . The genus Psoralea contains interesting metabolites for pharmaceutical purposes, and therefore B. bituminosa organs and callus cultures were established to produce such compounds.
The compounds identified by HPLC-DAD in the different extracts of B. bituminosa are reported in Table 1 . The extraction procedure followed in this work excluded the use of acid hydrolysis to avoid alteration of secondary metabolites. Plicatin B, erybraedin C and bitucarpin A, previously isolated from B. bituminosa [10] , are known to be the characteristic cytotoxic compounds of this species [11] . These metabolites were detected only in the extracts of the aerial parts both from wild plants and in vitro (25 and 40 days) shoots. This is the first evidence of the production of pterocarpans as well as phenylpropanoids and isoflavones from B. bituminosa in in vitro cultures. The pterocarpans are phytoalexins with antifungal activity and other biological properties, such as antineoplastic and bactericidal effects [20] . Pterocarpans are present only in shoots (WAP, 25AP and 40AP), confirming that such compounds are present in in vitro cultures mainly after elicitation [20] .
In the present work psoralen and angelicin were found in in vitro plantlets (25AP, 40AP, 25R, 40R), as well as in vivo plants (WAP and WR), as reported in a previous paper [21] . These results are in agreement with a previous study of in vitro cultures of B. bituminosa [16] , where furanocoumarins (FC) were detected in in vitro shoots and ex vitro plants. The same authors reported a very low amount of FC in organogenic 4-month-old calli [16] . No presence of these compounds was found in our callus cultures (4 weeks-old).
Isoflavones are considered marker compounds in leguminous plants, so the presence of daidzein and its glucoside daidzin (7-O-β-D-glucopyranosyldaidzein) was investigated in the different samples. Daidzein was detected in all the in vitro cultures, and only in WAP, whereas it was absent in wild roots (WR). Extracts from callus cultures showed especially the presence of daidzein, even though its glucoside, daidzin, was found only in C yl . These results are in agreement with previous studies on in vitro cultures of other Psoralea sp. [22] [23] , where the authors detected daidzein in similar quantity than those found in this work.
The pharmaceutical industry has shown great interest in this important isoflavone, due to its wide range of estrogenic and antiestrogenic properties [23] . In fact isoflavone containing extracts are used in the prevention of menopause symptoms and in suppression of breast and ovary tumors caused by hormonal imbalance.
Knowledge of the cytotoxic effect of purified B. bituminosa pterocarpans [12] motivated us to investigate the cytotoxic properties of the wild and in vitro B. bituminosa extracts. The results of the cytotoxicity assay are reported in Table 2 . The majority of the extracts tested showed a dose-dependent decrease in HeLa cell survival. The highest activity was observed in both aerial parts and roots of the 40-days-old in vitro seedlings (40AP, 40R), 9.1% and 16.5%, respectively, and in the WAP extracts (10.0%), while the 25AP extract showed no toxicity at all. When toxicity data of the extracts are viewed separately for each type of B. bituminosa culture, we observed that the root extracts from in vitro seedlings showed a higher cytotoxic activity against HeLa cells when used at the highest dosage (0.10 mg mL -1 ), whereas at lower concentrations (0.01 mg mL -1 ) they are more similar to the wild plant. Interesting results were observed for extracts of the aerial parts: 40AP cytotoxic activity was very close to that of WAP, whereas younger seedlings (25AP) were totally ineffective. Callus extracts from young and mature leaves (C yl 38.9% and C al 36.6%, respectively) were more toxic than those from hypocotyls (C h 65.0%).
Some interesting information can be gained by comparing the pattern of secondary metabolite production obtained by the different types of cultures with the toxicity of the corresponding extracts. Secondary metabolites from Bituminaria bituminosa in vitro culture Natural Product Communications Vol. 9 (4) 2014 479 Erybraedin C, bitucarpin A and plicatin B were previously identified as the cytotoxic or cell-damaging protective compounds produced in vivo by the aerial parts of B. bituminosa [11] [12] . However, as these compounds were not determined in some toxic extracts from calli or in vitro roots, erybraedin C and bitucarpin A alone cannot be related to the antiproliferative effect of the extracts. This hypothesis is also corroborated by the fact that the 25AP extract, which produced a certain, even though low, amount of pterocarpans, was completely inactive against HeLa cells. On the other hand, either daizdein or its glucoside (daidzin), as well as psoralen, cannot be directly implicated in the toxicity, because of the high variability expressed in toxic, moderately toxic and non toxic extracts.
More likely, at least for in vitro cultures from aerial parts, angelicin could be the other compound determinant of the extract's toxicity, as it is the only secondary metabolite not present in 25AP cultures. Angelicin is considered a photogenotoxin [24] and an effective proapoptotic natural compound [25] . In addition, angelicin derivatives are able to induce cytotoxicity and also DNA damage in HeLa cells [26] . Also, it cannot be ruled out that the anti-proliferative effect of the extracts tested herein is modulated by other unknown or undetermined secondary metabolites, having cytotoxic and/or celldamaging protective activity. In addition, synergisms and/or antagonisms among the compounds can also occur to different degrees within each type of in vitro culture, making it hard to predict toxicity of the extracts on the basis of their metabolic profile or vice versa. In fact, cytotoxicity results of calli extracts (C yl and C al ) which lacked psoralen and pterocarpans were comparable with those obtained from aerial parts of the wild plant (WAP), where all the active metabolites were present.
The in vitro cultures represent a good opportunity to produce phytotherapeutic complexes to be tested with cytotoxic assays, but the identification and, therefore, isolation of single metabolites is needed to define the importance of each component in the extracts. In fact, the extracts of all the plant materials tested contained daidzein, but plicatin B, erybraedin C and bitucarpin A were found in only few extracts, like the in vitro shoots and the wild aerial plants that exhibited the highest level of cytotoxicity against HeLa cells. Other extracts showed a similar effect, so it is argued that the synergism and/or antagonism among the compounds can occur in the phytocomplex, and contribute to the general modulation of the cytotoxic events. In vitro plant cultures: B. bituminosa seeds were scarified with pure H 2 SO 4 for 50 min to remove external coats, washed with distilled water, and then surface sterilized with sodium hypochlorite 20% (w/v) for 15 min. After the final washing with sterilized water, the seeds were kept in water in the dark for 2 days at 25°C for germination. The germinated seeds were transferred to Murashige and Skoog medium (MS0) [27] containing sucrose 3% (w/v), agar 0.8% (w/v), plant preservative mixture (PPM) 0.05% (v/v), and adjusted to pH 5.5 before autoclaving. The seedlings were maintained in Magenta vessels at 22±1°C, under a 16/8 h photoperiod at an irradiance 50 μmol/m 2 s, (cool white fluorescent tubes, Phillips, Holland), and then used after 25 and 40 days for extraction (25AP/25AR, 40AP/40AR).
Callus cultures:
Callus (C al ) was obtained from mature leaves collected from spontaneous plants; the leaves were sterilized with sodium hypochlorite 20% (v/v) for 15 min, washed with sterile water and then placed into medium D. MS0 was added with naphthaleneacetic acid (NAA), 4 mg L -1 , and kinetin (kin), 1 mg L -1 . In vitro germinated 25-days-old seedlings were excised into hypocotyls (10-15 mm) and young leaf segments (8-10 mm). Hypocotyl explants were transferred to medium H, (MS0 plus NAA 15 mg L -1 and kin 3.75 mg L -1 ) to obtain callus (C h ), while young leaf explants were cultured in medium F (MS0 with the addition of 2,4-dichlorophenoxyacetic acid (2,4D), 4 mg L -1 , and kin, 1 mg L -1 ) to obtain callus (C yl ). All the explants were maintained in the dark for 3 weeks to induce callus formation, then maintained at 22±1°C under a 16 h light /8h dark photoperiod. Calli were subcultured monthly in each specific medium. Samples (in triplicate) were evaluated for fresh and dry weight (after dryness in oven at 50°C for 24-48 h).
Chemicals and biochemical:
The standard compounds (bitucarpin A, erybraedin C, plicatin B, psoralen, angelicin, daidzein, and daidzin were included in a home-made data base of natural compounds isolated and characterized by NMR and MS techniques in our laboratory.
Phytochemical analysis:
Fresh samples of aerial parts (WAP) and roots (WR) of wild plants, callus C al , C h , C yl at the end of the subculture period (4 weeks), 25 day-old in vitro shoots (25AP), 40 day-old in vitro shoots (40AP), 25 day-old in vitro roots (25R) and 40 day-old in vitro roots (40R) were extracted with chloroform and dried in a rotary evaporator. The dried extracts were dissolved in methanol (2.5 mg mL -1 ) and filtered through a cartridge-type sample filtration unit with a polytetrafluoroethylene filter (PTFE, 0.45 μm, 25 mm) before HPLC injection. HPLC-DAD analyses were conducted using a Waters 600E multisolvent delivery system, a Waters 717plus autosampler and a Waters 486 Tunable Absorbance Detector, equipped with Millennium 32 Chromatography Manager software. Analyses were performed using a 150 x 3.00 mm, 4 μm Synergi Fusion RP-80 column (Phenomenex), eluting with acetonitrile-water in a linear gradient according to the following conditions (flow rate 1 mL min -1 ): initial conditions 50% A; from 0 to 10 min 50% A; from 10 to 12 min from 50% A to 70%; from 12 to 21 min 70% A; from 21 to 25 min back to 50% A, followed by a period of 10 min for column equilibration. The spectral data from the PDA detector were analyzed during the whole run in the range 210-700 nm. The volumes of the injections were 20 μL. The identification of each constituent was carried out by comparison of
